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TRANSONICWIXO-TUNNELINVESTIGATIONOFTHEAERODYNAMIC

LOADINGCHARACTERISTICSOFA HIGHLYTAPERED

UNSWEPTWINGINTHEE’RESENCEOFABODY

ANDWITHOUTINDENTION

By JosephD:Brooks

SUMARY

A transonicinvestigationoftheaerodynamicloadingcharacteris-
ticsandtheeffectsofbodyindentationonthewingloadsofa low-
aspect-ratio,highlytapered,unsweptwinginthepresenceofa body
hasbeenconductedintheLangley8-foottransonicpressuretunnel.
Thetestscovereda rangeofMachnunibersfrom0.60to1.20forangles
ofattackfromOoto 20°.

The.resultsshowthatwithincreasingnormal-forcecoefficientat
Machnunbersupto 0.88thecenterofpreswe movesabruptlyresrward
andslightlyMoard followingseparation.,Abovea MachnunberofO.~,
separationisnotevidentwithintherangeofthedatapresented.With
increasingMachnuder throughthetrmsonicspeedrange,thecenterof
pressuremovesrearwardveryrapidly,whileitmovesslowlyinboard.
Thelocationofthecenterofpressureofthewingwiththeindented
bodyisgenerallyrearwardandslightlyinboardofthatofthewing
withthebasicbody. Theresultsofa theoreticalcalculationofthe
lateralcenter-of-pressurelocationata Machnuniberof1.41agree
withtheexperimentaldataatthelowersupersonicMachnumibersof1.05
to 1.20.

INTRODUCTION

A generalinvestigationto determinetheeffectsofwinggeometry
andbodyindentationonwingloadsattransonicspeedshasbeencon-
ductedintheLsmgley8-foottransonicpressuretunnel.Theeffects
oftaperratioandbodyindentationwitha 45°sweptbackwinghave
beenreportedinreference1 andtheeffectsof sweepbackandthichess
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ratioinreference2. Thepurposeofthispaperisto showtheaero-
_c lo- @acteristicsof.a low-aspect-ratio,highlytapered,
unsweptwing”inthepresenceofa bodyandtheeffectsofbodyinden-
tationonthewingloads.Sinceforcetestdataareavailableinref-
erence3 -forthetotalloadonthesamewing-bodyconibinations,the
divisionofnormal-forceandpitching-momentloadbetweenthewing
andthebodywasalsodetermined..

Theunsweptwingtestedhasa taperratioof0.2,aspectratio“
of2..67,andk-percent-thickcircular-arcairfoilsectionsmeasured
paralleltotheplaneof symmetry.Thewingwastestedinthepresence
ofa basicbodyanda bodyindentedaccordingtothetransonicarea
ruleofreferenbe4.

Normal.force,pitchingmoment,andbendingmomentofthewingwere
measuredby meansofa strab-gagebalance.Fromthesemeasurements,
thelocationofthewingcenterofpressurewascomputed.
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APPARATUSANDMETHODS
Tunnel

Thetestsectionofthehngley8-foottransonicpressuretunnelis
rectangularin crosssection.Theupperandlowerwallsofthetestsec-
tionareslottedto allowcontinuousoperationthroughthetransonicspeed
range.Somedetailsofthetestsectionareshowninfigure1. Thesting
supportsystemshownh figure1 wasdesi.~edtokeepthemodelnearthe
centerlineofthetunnelthrouglmrttheangle-of-attackrange.

Euringthisinvestigation,thetunnelwasoperatedatappraxhately
atmosphericstagnationpressureandthestagnationtemperaturewasauto-
maticallycontrolledandheldconstantat120°F. Thetunnelairwas
driedsufficientlytolowerthedewpotittemperaturebelow0°F h order
topreventtheformationof condensationshocks.

Thetunnelwascalibratedby meansofanaxialsurveythe, provided
withstatic-pressureorificesalongitslength,whichextendedfromthe
entranceconetothebeginningofthediffuser.Somerepresentative
axialMachnuniberUstributionsatthecenterofthetunnelareshownin
figure2. Theflowinthevicinityof.thewingwassatisfactorilyuni-
formataU testMachnuaibers.Iocaldeviationsfromtheaveragestream
Machnmiberwerenolargerthan0.005at subsontcspeeds.Withincreases
inMachnumber*eve 1.0,thesedeviationsticreasedbutdidnotexceed
0.010h theregionofthewingatthehighetitestMachn-er of1.20.

Model

!I’heplanformandtiensionsofthewingtestedareshownin”fig-
‘ ure3. Thewinghad0° sweepbackofthequarter-chordline,anaspect
ratioof2.67,,anda taperratio0.2. Thewingwasconstructedof
aluminumalloyandtheairfoilsectionsparallelt’othemodel.planeof
symmetrywere4-percent-thicksymmetricalsectioumadeup ofcirc+lsr
arcswiththemaximumthicknesslocatedatthek(l-percent-chordstation.
Thewingsxeawas0.96squarefootandthemaximumcross-sectionalarea
ofthebodyisO.0~ squarefoot.

Thebodyframewasconstructedof steelandcontaineda strain-
gagebal.antedesignedtomeasure~ loadsindependentlyofsmybody
load.Thebal.smcemeasuredbendingmomenton eachwingandnormalforce
andpitchingmomentforbothwings.Thewingsweremountedintheb&l-
ance,as showninthedetaileddrawingoffigure3,andwereindependent
ofthebodyframe,Aphotograph.ofthebalanceinthebodyisshownin
figure4. Theouterbodyshellwasindependentofthebalance’smdthe
bodyshapecouldbechangedbetweenstations22.5and37.5.Thewing

——
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wastestedinthepresenceofa-basicandalsoan tid@ed body. The
shapeoftheindentedbodywasobtainedaccordingtothetransonicarea
rulefora Machnumiberof1.0(ref.4). Photographsofthecomplete
modelshowingthewinginthepresenceofthebasicandthetidented
bodiesareshowninfigures5 and6,respectively.Thecoordinatesof
thebasicandindentedbodiesaregivenintable1.

A gapofabout0.030tichwasleftbetweentheouterbodyshelJand
thewingtopreventfoulingofthewingonthebody. Forthetestsof
thewinginthepresenceofthebasicbody,thegapbetweenthewing‘and
outerbodyshellwassealedwithsofttiberttiing,as sho~minthe
detaileddrawingoffigure3. However,forthetestsofthewinginthe
presenceoftheindentedbody,thegapwasnotsealedbecausetheouter
bodyshellwasnotthickenoughtopermittheuseof seals.Theaddition
ofthemibbersealsdecreasedthestrain-gage-bslancesensitivityasmuch
as5 percent.Forthisreason,thebalancewasrecalibratedbeforethe
testof“thesealedconfiguration.ForaU teststhehollowstingwas
pluggedatthebaseofthemodeltoyreventanyflowthroughthesting.

Theangleofattackwasmeasuredby a strati-gageattitudetrans-
mitter.Theinstrumentwasmountedinthebodyframeaheadofthewing.

..
Tests

Theangle-of-a;tackrangeextend~inmostcasesfrom0°to 20°.
AtMachnumbers0.91and0.94,theangle
mumanglesof12°and15°,respectively,
numberrsmgeextendedfrom0.60to1.20.
Machnuniberramgebetween1.03and1.12,
mayhavebeenaffectedby reflectionsof
tunnelwalh. ThevariationofReynolds
dy-nmic chordof8.267inches)withllach

Accuracy

ofattackwaslimitedtomaxi-
by severebuffeting.TheMach
Datawerenotrecordedinthe
sinceinthisrangethedata
thefuselagebowwavefromthe
nmiber(basedona meanaero-
numiberis showninfigue 7.

Theamuracyofthestrain-gagemeasurementsis
follows:

Accuracyof,-
M

c% % ~

0.60 iO.O’@to.004 to.oo8 “*
1.20 *.004 *.002 *.004

-.

estimatedtobe as

..

..

●
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TheaveragestreamMach
valuegiveninthefi~es.
correctwithinti.l”.
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nmiberwasheldwithintO.~3 ofthenominal
Themodelangleofattackisestimatedtobe

Aspreviouslymentioned,thegapbetweenthewingandtheouterbody
shellwasnotsealedforthetestsofthewinginthepresenceofthe
indentedbody. Theeffectof sucha gapwasinvestigatedfortwowings
with45°of sweepbackandis showninreference1. Forthesewings,the
dataobtainedwithandwithouttheseal.weregenerallyingoodagreement
atsinglesofattackbelowthepointwheretheunstAblebreakinthe
pitching-momentcurveoccurred.

ThelongituUn&landlateralpositionofthecenterofpressur,eon
thewingwascomputedfromfairedcurvesof

%
againstc

%
and CB

against
%

, respectively.At someMach&mbers,thesecurvesdidnot

passthroughtheorigin.Sincethemodelsweresymmetricaldmut the
horizontal.”planepassingthroughthecenterlineofthemodel,thecurves
wereshiftedslightlytopassthroughtheori@nwhenthecenter-of-
pressurelocatio&werecomputed.-

RESULTSAND

BasicAerodynamic

DISCUSSION

Characteristics

Thevariationofangleofattack,pitching-momentcoefficient,and
bending-momentcoefficientwithwingnormal-forcecoefficientforthe
winginthepresenceofthelksicandindentedbcdiesispresentedin
figures8 and9,respectively.Thebending-momentcoefficientsforboth
theleft-andright-wingpanelsareshowninfigures8(c)and9(c),flags
onthesyuibolsindicatingtheleft-wingpanelmoment.

AtMachnmibersfrom0.60to 0.88,thepitching-momentdata
(figs.8(b)and9(b))showthatthewbg experiencesrapidchangesin
pitchingmomentwithincreasingnormal-forcecoefficient.Thesechanges
inpitchingmomentareassociatedwithflowseparationonthewingupper
surfaceina regionnesrtheleadingedge.Separationoccursgx@M.ly
atthelowMa@ numbersandwithincreasingMachnumberoccursmore
abruptlyandisalsodelayedtohighernormsl-forcecoefficients.At
Machnunibers0.91and0.94thenormal-forcecoefficientwasliarl.tedby
severebuffetingbutseparationisnotevidentwithintherangeofthe
datapresented.AtMachmmibersEibove0.94theflowovertheupper
surfaceisprob&blycompletelysupersonic,andapparentlyno separation
occurs. Thistypeofflowphenomenahasbeenobservedintwo-dimensional
dataonunsweptairfofisinreference5 andinreference6 onanunswept
wingwithan~pectratioof 4.~ ~

—. —__ ——-.
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BasicCenter-of-l&essureCharacteristics

Thelongitudinal.&dlateral&iation ofthecenter-of-pressure
positionwithnormsl-forcecoefficientispresentedinfigure10,sad
thevariationwithMachnuuiberispresentedinfigureU. Thedataof
figure10 jndicatethatwithincreasingnormal-forcecoefficientthe
centerofpressure,ingeneral,showsonlya rearward movementpreceding
separation.SeprationisevidentintheM@ nunberrangeframO.60
to 0.88.Whenseparationoccurs,thecenterofpressuremovesdmuptly
rearwardandslightlyinbosrd.AstheMachnuniberincreases,thedata
offi~e 10 indicatethatseparationisdelayedtohighernormal-force
coefficients.AtMachnumbersabove0.88,separationisnotevident
withintherangeofthedatapresentedandthelongitudinal.centerof
pressuremovesgenerallyrearward withincreasingnormal-forcecoeffi-
cient.Thereislittlevariationofthelateralcenter-of-pressureposi-
tionwithnormal-forcecoefficientatthesehigherMachn~ers.

IhfigureU.,at constsmtnorm&l-forcecoefficientsup to 0.40,as
theMachnuniberincreasesabove0.60,thecenterofpressurefirstexpe-
riencesa gradualforwardandoutboardmovement.Betweenthe’Machnum-
bers0.85and1.0,theflowbecomessupersoniconthewinguppersurface
andthecenterofpressuremovesrearwardveryrapidlywhilemmd.ng
S1OW1Y id)osrd.Abovea Machnumberof1.0,thecenter,ofpressure
continuestomoverearward at a reducedrateandslightlytioardwith
increasingMachnumber.

At a normal-forcecoefficientof0.50,(fig.U.),theflowi’ssepa-
ratedontheuppersurfaceofthewingneartheleadingedgebetweenthe
Machmmbers0.60and0.80andthecenterofpressureisina rearward
andslightlyinboardposition.BetweentheMachnumibers0.80and0.90,
theflowreattachesandthecenterofpressuremovesabruptlyforwsrd
andslightlyoutbosrd.AboveaMachn@er ofapproximately0.90at
constantnormal-forcecoefficientsof0.50andabove,thecenter-of-
pressure.movementwithincreasingMachnunberisgenerallythessmeas
atthelowernormal-forcecoefficients.

EffectofBodyhdentation
.

Theeffectofbodyindentationonthecenter-of-pressurelocation
isalsoshowninfigures10 andl.1.Thecenterofpressureforthewing
inthepresenceoftheindentedbodyisgeneraUy1 to 3 percentofthe
wingmeanaerodynamicchordrearwardandl to 2 percentofthewingsemi-
spaninboardofthatforthe~ withthebasicbody. Thiseffectof
bodyindentationisduelargelytotheiziboardwingareathatisexposed
whenthebodyisindentedfora low-aspect-ratiounsweptwing. Compari-
sonoftheseresultswiththosefor45°sweptbackwingsofaspectratio4
(ref.1) showsthattheeffectofbodyindentationon center-of-pressure
locationislessforthewingsofhigheraspectratio.Thisistobe

.. . . _. —— —–.—.. —. —-——— ——.—-
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expected”sincebodyindentationisshowninreference7 to affectpri-
marilythewingpressuresnearthebody.

InfigureU, at const=tnormal-forcecoefficientsup to 0.40,
anothereffectofbodyindentationisto delayslightlytheMachnuuiber
atwhichthetransonicrearwardmovementofthecenterofpressurebegins.
Thesameeffectofbodyindentationwasnotedinreference1.

DivisionofLoadBetweentheWingandBody

Thedivisionofloadbetweenthewingandbodywasdeterminedfrom
ananalysisofthedatapresentedhereinandthedatafromreference3.
Theindentedbodyofreference3 differsslightlyfromthatusedinthe
presentinvestigation(tsbleI);however,thedifferencesaresmalland
wouldnotsignificantlyaffectthecomparisonspresented.Theresults
arepresentedh figures12 and13.

Figure1.2showsthedivisionofnormsl-forceloadforthewingin
thepresenceofthebody C

%
astheratioof

%$!%
plottedagainst

totalnormal-forcecoefficientC
%“

Alsoshown& figure12 isthe

normal-forceloadofthebodypluswingtiterference
%

astheratio

of C%/C% plottedagainstC%. TheeffectsofMachtier andbody

indentationareobscuredby thescatterinthedata;however,theper-
centageofthetotalloadthatthewingcarriesgeneraUyincreases
slightlyasthetotalnormsl-forcecoefficientincreases.

Thedivisionofpitching-momentloadis showninfigure13 asthe
variationofpitching-momentcoefficientforthewing-bodyconibination
andforthewingh thepresenceofthebodyagainstMng-bodynormal-
forcecoefficient.Dataforthebasicandindentedbodiesme presented
infigure13. Flagson”thesynbolsindicatetheMng inthepresenceof
thebody. Fora givenMachnuuber,theplopesofthepitching-moment
curvesaremorepositiveforthewing-b~ cotiinationthanforthewing
inthepresenceofthebody. Withincreas~Machnumber,thedifference
intheslopesofthepitching-mmnentcurvesdecreases.

ComparisonWithTheory

Resultsofa theoreticalcalculationofthelaterallocationofthe
centerofpressuresreshowninfigure14withtheexperimentaldata
obtainedonthewinginthepresenceofthebasicbodyat

%
= 0.30.

No correctionsweremadetothetheoreticalspanwisedistributio~for “
bodytiterference,andonlythedistributionsoutboardofthebody

.

———.— —
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maximumradiuswereconsideredinthecalculations.Thetheoretical
additionalloadbgsat subsonicspeedswereobtainedfromthechartsof
reference8 andatthesupersonicspeedfromtheequationsofreference9. “

Thecomparisonofthetheoreticalvalueswiththeexperimentaldata
isverygoodat subsonicspeeds.At supersonicspeeds,thetheoretical‘
pointwascalculatedatthelowestMachnumber(M= 1.41)atwhichthe
theoryofreference9 coul.dbeapplied;however,this~ceedsthehighest,
testMachnuniberof1.20. Sincethetheoreticalpointatthesupersonic
speedshowsexcellentagreementwiththeexperimental.dataforlower
supersonic-speeds,itis concludedthatthelateral.center-of-pressure
location’atlowsupersonicspeedsmaybe predictedfromthetheoretical.
valuecalculatedfora higherMachnumber.Thisconclusionisingen-
eralagreementwiththeconclusionofreference2,whichincludese@er-
imentaldatafora higheraspect-ratio,unsweptwingandslightlythicker
wingswithsweepbackanglesof0°,35°,and45°. ihreferencel,the
lateralcenter-of-pressurelocationsatlowsupersonicspeedsfortwo45°
sweptbackwingswtthtaperratiosof0.3and0.6werealsopredictedina
similarmaimerusingtheequationsofreference10.-

In calculatingthelaterslcenter-of-pressurelocationat super-
sonicspeeds,itisnecessaryto determhethelowestMachnuniberat
whichtheequationsofreferences9 and10 canbeapplied.To dothis,
determinefirsttheMachnumberatwhichtheMachlineisparallelto
thetrailingedgeofthewing. ThendeterminetieMachnuuiberatwhich
theMachlineisparallelto a linefromtheleadingedgeofthetip
chordto thetrailingedgeofthetheoreticalrootchord.Thehigherof
thesetwoMachnunbersisthelowestMachnumberatwhichtheequations
ofreference9 or10 canbe used. ForthisMachnmiberdeterminethe
positionoftheMachlinefromtheleadingedgeoftherootchordwi.th
respecttotheleadingedgeofthe~. IftheMachlinefromthe
leadingedgeoftherootchordisbehindtheleadbgedgeofthewing,
usereference9 (forsupersonicleadingedge).IftheMachlineis
forward
leading

An
tunnel,
enceof

1.
ntier,

ofthe-leading_&lgeofthe&, u~e-reference10 (forsubsonic.
edge).

CONCLUSIONS’

investigation,madeinthe~ey 8-foottransonicpressure
ofthewingloadsona hi~ tapered,unsweptwingb thepres-

.

a basicandan indentedbody,leadstothefollowingconclusions:

Withincreasingwingnor&d_-forcecoefficientata constantlkch
thecenterofpressuremovesslowlyrearwarduntil,atthesub-

sonicMachnumbersfrom0.60to 0.88,sepsmationoccurs.Atthispoint
thecenterofpressuremovesAbruptlyrearward andslightlyinboard.
.

—-.— -.
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Above a MachnunberofO.~, separationisnotetidentwithintherange
ofthedatapresentedandthecenterofpressurecontinuestomovere-
wardwithincreasingwingnormal-forcecoefficient.

2.WithincreasingMachnunberata constantwfngnormal-forcecoeffi-
cientbelowseparation,thecenterofpressuxeexperiencesa gradualfor-
wardandoutboardmovementupto a Machnuniberofapproximately0.85.
BetweentheMachnuaibersofapproxhately0.85and1.0,theinducedveloc-
itiesbecomesupersonicandthecenterofpressuremovesrearwardvery
rapidlywhileitmovesslowlyinbosrd.Abovea Machnumberof1.0,the
centerofpressurecontinuestomoveresrward ata reducedrateand
slightlyMboard.

3. The centerofpressureofthewingwiththeindentedbodyis
genersdlyrearward andslightly@osrd ofthatofthewingwiththe .
basicbody. Bodytide?itationdelaysslightlytheMachntier atwhich
thetransonicrearwardshiftofthecenterofpressurebegins.

4.Theresultofa theoreticalcalculationofthelateralcenter-
of-pressurelocationata Machnwiberof1.41(thelowestMachnumiberat
whichthetheoryofNACATN 2643canbe appliedtothiswing)agreeswith
theqerimentsldataatlowersupersonicMachnumbersof1.05to1.20..

IangleyAeronauticalLaboratory, - ‘
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,October10,1955.

.
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TABLE I.- BODY cooRDmm

I

Forebdy Afterbody

~SiC bcdy Indentedbody
6tation, in. F@dl.u13,
fran nose in. Station, in. P&us , Station, in. Rad3.LIE,

f’rm nose in. from nose in.

o 0 22.yfl 1.875 ‘, 22.5CX) L 875
.225 .M+ 26.500 L 875
.5625

24.970 I.875
.193 27.692 L 868 25.~cn L 855

L 12y .32> 28.692 , L 852 26.003 L@2
2.250 .542 29.692 L 849 27.cMM L 626
3.375 .726 30.692 L 825
4.500

27.p
.887

L 530

6.750
31.692 L 789 28.’ccQ 1.498

L 167 32.692 L 745 28.xn 1.494
9.WKI L 39i) 33.692 L 694 29.om L *
u.250 L 559 ‘34.692 L 638 L 545
13.5CKI 1.683 35.692 L 570 ::E L >92
15.750 L 770 36.692 1.486
18.000

32.w L 634
1.828 36.900 L 468 33.m L 657

20.253 10864 37.m L 409 *.m L 651
38.5xI L 293 35.m L 61i3
39.m L 16’7’ L 548
40.5a) L 030 %% 1.467
4L 273

●937 37.m L 408
37.ym-4L250 Ehllecoordinates

as basic bcdy
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Figure 1,- Iktaile.of test section and locationof model in the Im@ey
8-foot transonic pressure tunnel. ldl dimensions are h inches.
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